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Design of Neodymium Permanent Magnetic Core using FEM
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ABSTRACT

Permanent magnets have recently been considered as device that can be used to control the behavior of
mechanical systems. Neodymium magnets, a type of permanent magnet, have been used in numerous
mechanical devices. These are permanent magnets made from an alloy of neodymium, iron, and boron to
form the Nd2Fel4B tetragonal crystalline structure. The magnetic selection, magnet core design and
mechanical errors of the magnetic component can affect the performance of the magnetic force.

In this study, the coercive force, residual induction, and the dimensions of the design parameters of the magnet
core are optimized. The design parameters of magnet core are defined as the gap between the magnet and the core,
the upper contact radius, and the lower thickness of the core. The force exercised on a permanent magnet in a
non-uniform field is dependent on the magnetization orientation of the magnet. Non-uniformity of the polarization
direction of the magnetic has been assumed to be caused by the angular error in the polarization direction. The
variation in the magnetic performance is considered according to the center distance, the tilt of the magnetic
components, and the polarization direction. The finite element method is used to analyze the magnetic force of an
optimized cylindrical magnet.

Key Words : Neodymium(:] 2] ), Permanent Magnet( 7-#4), FEM(3F2.4 %), Magnet Core(AH4])
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Fig. 1 The total magnetic flux density distributions
on neodymium magnet
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Table 1 Properties of neodymium magnet and FEM

results
N C_f R Force TFD
[A /m] [T] [N] [mT]
1| 1114000 | 1.33 | 838.383719 | 1359.628969
2| 1353000 | 1.08 | 611.653620 | 1223.900209
3| 1353000 | 1.33 | 883.229111 | 1400.916521
4| 1592000 | 1.08 | 632.017903 | 1233.041384
51| 1592000 | 1.33 917.708078 | 1418.304141
6| 1989000 | 1.08 657.065486 | 1243.986029
7| 1989000 | 1.22 821.438842 | 1396.255391
8| 2387000 | 1.08 675.270944 | 1251.655716
9| 2387000 | 1.014 | 603.760023 | 1289.485668
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l . |
MaQnet
i i
| m
i

Fig. 2 Design parameters for magnetic core
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Table 2 Design factors and their levels for magnetic
core
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. Levels [mm]
Design factors 1 5 3
Gap [A] 5 | 75| 10

Lower thickness of the core [B] | 13 | 18 | 23
Upper thickness of the core [C] 5 10 | 15

Table 3 Orthogonal array and results for magnetic
core

NUM | A | B | C F [N] S/N
Ratio
1 5 13 341.5896 50.6701
2 75 | 18 362.7839 51.193
3 10 | 23 374.2614 51.4635
4 75| 13 | 10 | 381.6623 51.6336
5 10 | 18 | 10 | 390.2406 51.8266
6 5 23 | 10 | 366.8355 51.2894
7 10 | 13 | 15 | 393.7072 51.9035
8 5 18 15 374.8872 51.478
9 75| 23 | 15 | 388.6018 51.7901
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Fig. 5 The generated force according to the
center distance of magnets
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Fig. 6 The generated force according to angle
between magnets and target
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Fig. 7 The total magnetic flux density distribution
in angle 1°

Fig. 9 Polarization direction of neodymium
magnet
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